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In accordance with extending survival periods of cancer patients, number of consecutively developing metastatic spinal tumor 
is also increasing. There have been improvements in the treatment results of metastatic spine tumor by virtue of the 
developments in diagnostic radiology, chemotherapy, adjuvant treatment, operative device and technique, discrete preoperative 
plan, and standardized operation. Accordingly, surgical indication has also increased. Clinically, in case of metastatic spine 
tumor, treatment of tumor itself should be focused on pain relief , preservation of neurologic function, prevention of pathologic 
fracture, prevention of pathologic fracture, and correction of spinal instability for improving quality of life, rather than for 
extension of survival. Additionally, etiology of spinal tumor, correct diagnosis and subsequent treatment principles should be 
thoroughly understood before establishing treatment plans for effective treatments. 
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Introduction 




In accordance with extending survival periods of cancer 
patients, number of developing metastatic spinal tumor is 
also increasing. Ratio of developing spinal metastasis in 
case of the patients having history of malignant tumor has 
been reported up to 30-90% based on autopsy. About 20% 
of spinal metastasis cases exhibit neurologic deficit due to 
spinal cord compression. Regarding metastatic spinal tumor 
in patients with neurologic deficit, having 3 months or more 
expected lifetime, a common view shared by most of the 
cardiologists is the performance of surgery. Despite, there 
is no consensus on this matter between spine surgeons and 
radiotherapists. 

Since various treatment methods have been used for 
spine tumor, no unified diagnosis and treatment procedures 
accepted by spine surgeons have been established yet. Nev- 
ertheless, treatment results of metastatic spine tumor have 
been enhanced by virtue of the developments in diagnostic 



radiology, surgery, chemotherapy and adjuvant treatment as 
well as discrete preoperative plan, and standardized opera- 
tion. Additionally, etiology of spinal tumor, correct diagno- 
sis, and subsequent treatment principles should be effusively 
understood before establishing treatment plans for effective 
treatments [1]. 

About 2/3rd of the malignant tumor cases develop metas- 
tasis, and the incidence of malignant tumor is consecutively 
increasing every year. The skeletal system is the third most 
common site of metastasis, and the spine is the most com- 
mon site of metastasis. In the spine, the vertebral body is 
the most common site of metastasis but according to plain 
radiographs, changes in pedicle is observed at the earliest 
time, and metastasis development in the posterior element 
claims about 15% of the total spinal metastasis [2,3]. Skel- 
etal metastasis develops in every kind of malignant tumor, 
but most frequently does in breast cancer followed by pros- 
tate cancer, thyroid cancer, lung cancer, and renal cell can- 
cer. Prostate cancer and bronchial cancer are most common 
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in male when compared with breast cancer in female, and 
neuroblastoma in youngsters. 

In the past, developments in medical treatments for cancer 
have contributed to enhanced survival, and developments 
in operative devices and operative techniques have resulted 
in an increased postoperative survival rate, and a decreased 
complication rate and accordingly, expanded indications of 
operation. 

Clinically, in case of metastatic spine tumor, treatment of 
tumor itself should be focused on pain relief, preservation 
of neurologic function, prevention of pathologic fracture, 
prevention of pathologic fracture, and correction of spinal 
instability for improving quality of life, rather than exten- 
sion of survival. 



Pathophysiology 




Skeletal metastasis of malignant tumor is known to be af- 
fected by three specific factors. The first factor is metastasis 
pathway, which includes the arterial system, direct inva- 
sion, lymphatics, and venous system. Among these four 
pathways, metastasis via venous system is the most com- 
mon route of spinal metastasis. Since venous embolization 
of tumor passes natural filters such as lung, liver and bone 
marrow, spinal metastasis occurs after the primary metasta- 
sis passes to the lung or liver, or through other routes. Lung 
cancer can be metastasized directly via segmental artery of 
spine while breast cancer or prostate cancer can develop 
spinal metastasis via Baston [4] plexus. The second factor 
is tissue receptivity on tumor emboli. Some tissues provide 
tumor emboli with good environment for survival. The "seed 
and soil" theory supports the hypothesis that bone marrow 
of spine provides tumor emboli with biochemically and 
hemodynamically favorable environment for implantation. 
Practically, red marrow of vertebral body has affinity for 
tumor emboli and accordingly, implantation and growth of 
tumor cells are easily accomplished. The third factor is the 
intrinsic factor of tumor cells, which helps survival and pro- 
Hferation of a certain kind of cells in marrow, which is more 
advantageous than other cells. For example, prostaglandin 
and osteoclast activating factors secreted from breast cancer 
cells induce bone resorption resulting in destructive bone 
metastasis [5], and these cells might demonstrate a feature 
of formation of fibrin membrane to protect the formed ni- 
dus. 

Roughly, 5-30% of metastatic lesion of spine shows 
neurologic symptoms. The most common mechanism of 



Table 1. Mechanism of neurologic deficit in metastatic 
spinal tumor 

Mechanical compression 

Direct compression by tumor 
Displacement of the bone fragment 
Kyphotic deformity 
Spinal malalignment 

Vascular imcompetence 

Ischemia due to arterial embolism 
Edema due to venous congestion 



neurologic symptoms is the mechanical compression by the 
lesion, which develops in the bone, and may develop even 
without any vertebral body collapse. Other mechanisms 
may include kyphosis due to compression fracture of verte- 
bral body, or mechanical cord compression due to the mal- 
alignment caused by posterior displacement of bone frag- 
ments, subluxation or dislocation. Additionally, neurologic 
symptoms due to the vascular compromise of spinal cord 
may also appear. Vascular insufficiency includes underly- 
ing mechanism of ischemia of spinal cord due to segmental 
artery occlusion by tumor emboli, venous thrombus caused 
by venous congestion, and spinal cord injury due to edema 
caused by intemal hemorrhage of spinal cord (Table 1). 

Clinical Considerations j^^^^^^^^g 

Clear understanding about factors affecting the general 
conditions of patients, treatment and prognosis is most im- 
portant in the process of treating metastatic spine tumor [6- 
8]. 

1 . Original tumor 

Stage of development of original tumor during spinal me- 
tastasis is an important factor for deciding a treatment meth- 
od. According to the type of original tumor, susceptibility on 
radiotherapy and medication is different. For example, since 
renal cell carcinoma or thyroid cancer has plenty of vascu- 
larity, preoperative arterial embolization can be applied. 

2. Neurologic deficit 

In general, rapidly progressive paraplegia without a his- 
tory of trauma develops mainly due to metastatic spine 
tumor, and paraplegia appearing within 1-2 days shows a 
poor prognosis regardless of modality of treatments. In ac- 
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cordance with the activity level of patients when diagnosis 
of metastatic spine tumor is made, postoperative ambulatory 
status is decided [9]. 



Diagnosis 



1 . Clinical manifestations 



3. Deformity and instability of spine 

The deformity or instability of spine is a mechanical 
compression of spine cord, which is a factor involved in the 
development of progressive neurologic deficit. In such a 
case, surgical immobilization may be necessary in addition 
to radiotherapy or administration of medication. 

4. History of previous treatment 

Knowing patients' prior treatments helps in understanding 
the nature of the lesion and sensitivity of treatment. When 
a patient has a history of prior radiotherapy, additional 
radiotherapy cannot be performed in case of developing a 
neurologic deficit, but surgical treatment should be consid- 
ered first. In case of patients who have taken chemotherapy 
or steroids for a long period of time, risk of postoperative 
infection may be high. 

5. General condition 

When a patient has preoperative anemia, thrombocyto- 
penia, coagulopathy, hyperproteinemia or hypercalcemia, 
severe complications may develop and accordingly, preop- 
erative corrections are required. 

6. Expected survival 

Factors affecting expected survival include type of pri- 
mary tumor, presence of multiple metastases and degree of 
neurologic deficit. There is a controversy on the topic about 
the necessity of surgical treatment based on the expected 
survival [10,11]. Recently, survival rate, as an indicator 
for surgery has been shortened, because more active treat- 
ments are emphasized than before. In general, in case of the 
primary cancer such as stomach cancer, liver cancer and 
lung cancer, expected survival is short, while cases of breast 
cancer, renal cell carcinoma, and prostate cancer show long 
expected survival [12]. 



The most common symptom of spine tumor is axial pain 
with occasional radiculopathy. Axial pain develops due to 
direct effect of tumor, cortical breakage and spinal cord 
compression. Unlike primary back pain, axial pain does not 
respond to conservative treatments but progressively dete- 
riorates. Axial pain is not associated with patients' position 
or activity level, and is not alleviated during periods of rest. 
In addition, percussion tenderness and nocturnal pain are 
the characteristics of axial pain. In case of pathological frac- 
ture due to cortical invasion or development of pathologic 
fracture or instability, pain gets aggravated due to mobility. 
Pain-associated scoliosis may appear, and this type of defor- 
mity demonstrates the difference between acute progression 
and idiopathic scoliosis. Early diagnosis and adequate treat- 
ments may prevent deformity, but once deformity develops, 
surgical treatments are often required [13]. 

Neurologic deficits are often found in malignant lesions 
rapidly progressing in association with location of tumor 
and mahgnancy of the cell. In case of a cervical lesion, neu- 
rologic impairment progresses slowly, but in case of thora- 
columbar lesion, deterioration of neurologic deficit is fast. 
About 60% of neurologic deficits cases show myelopathy 
or radiculopathy, 30% demonstrates muscle weakness, and 
less than 3% exhibit impairment of spinchter fiinction. 

Causes of the above developments include pathologic 
fracture, transfer of tumor to adjacent soft tissues, root inva- 
sion, mechanical instability and spinal cord compression. 
Once neurologic deficit develops, low recovery rate can be 
expected. Therefore, early diagnosis and treatment is impor- 
tant. 

2. Documentation of patient's history and Physical 
examinations 

Documentation of history and physical examination 
should be conducted for all the patients suspected of spinal 
tumor. Detailed history about the location and nature of 
pain, aggravating and relieving factors and changes with 
time course, and careful evaluation about the presence of 
systemic malignancy should be conducted. In addition to 
direct inspection and percussion on the spine, detailed neu- 
rologic examinations including vocaUzation, cranial motor, 
balance of motor and sensory nerve, and reflex of the ex- 
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tremities and trunk are also required. Patients with findings 
of neurologic deficits are required to be checked by neurolo- 
gists for differential diagnosis of neurogenic disease. 

3. Diagnostic work-up 

Routine tests required for spinal tumor patients are as 
following: Laboratory tests (blood lab): complete blood 
count (CBC) with differential count, erythrocyte sedimenta- 
tion rate, urinalysis, electrolyte, tumor marker, electropho- 
resis of serum and urine; plain radiographs of the lesion; 
whole body bone scan; computed tomography; myelogra- 
phy; magnetic resonance imaging; biopsy; additional study: 
positron emission tomography-computed tomography 
(PET-CT); angiography, etc. 

1) Laboratory tests 

Electrophoresis of serum and urine protein is useful for 
diagnosis of myeloma. Once hematopoietic function of 
bone marrow is deteriorated by metastasis to bone marrow, 
development of pancytopenia occurs. Leukocytosis means 
a leukemoid reaction of a secondary development of leuke- 
mia or disseminated cancer, and erythrocyte sedimentation 
rate may nonspecifically increase in case of metastatic spi- 
nal tumor and myeloma. 



In case of metastatic tumor of spine, a tumor marker can 
be used for confirming a primary lesion. Increase in prostate 
specific antigen (PSA) is associated with prostate cancer, 
and an increase in carcinoembryonic antigen (CEA) is 
typically associated with colon cancer, however, increased 
levels of CEA can also be found in case of breast cancer. 
Alpha-fetoprotein (a-FP) may increase in case of hepatocel- 
lular carcinoma, and beta-human chorionic gonadotropin 
(p-HCG) increases in a urogenital malignancy case. 

2) Plain radiographs 

Plain radiographs should be conducted whenever cancer 
is suspected [14,15] and anterior-posterior and lateral views 
of spines should be basically taken. Upon observing any 
destruction in vertebral bodies and manifestations of bulg- 
ing into the adjacent tissues, differentiation of benign from 
malignant tumors might be possible. Mechanical instability 
level may be recognized, but it is hard to confirm a small- 
sized lesion. Only when osteolysis progresses to 30-50%, 
a small-sized lesion can be identified. Common findings of 
plain radiograph include radiolucency, bone erosion, com- 
pression fracture, soft tissue mass, and calcification (Fig. 
1). Pedicle, which is mainly composed of cortical bones is 
clearly observed in anteroposterior (AP) view of X-ray, and 
in case of metastatic tumor, AP view is radiolucent due to 




Fig. 1. Lateral plain radiograph of cervical spine. Radiolu- 
cency on C3 body with compression fracture is observed. 



Fig. 2. 'Winking owl sign' due to osteolysis of right pedicle 
by T12 metastatic cancer. 
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Fig. 3. A 63-year-old male patient with oral cavity cancer. His whole body bone scan shows metastasis to T12. 



osteolysis in pedicle, and this is called as a 'winking owl 
sign' (Fig. 2). 

3) Whole body bone scan 

With respect to bone scan using technetium- 9 9 m, le- 
sions can be confirmed prior to plain radiograph. In order to 
observe abnormal findings through plain radiograph, more 
than 30-50% of cancellous bones should be destructed and 
accordingly, whole body bone scan is the most sensitive test 




Fig. 4. Computed tomography scan of Giant cell tumor in 
Til. Tumor destructed vertebral body, pedicle and trans- 
verse process, and invasion to thoracic cavity and spinal 
canal. 



for early diagnosis of tumor [16]. This method is specifi- 
cally sensitive for the areas with ostoid formation, thus en- 
abling detection of up to a 2 mm sized lesion. Interpretation 
of the scans of elderly patients should be careful carried out, 
because a false positive can be revealed in cases of fracture, 
infection, and arthritis. In multiple myeloma, chordoma or 
decreased vascular response, and false negative may appear. 
Because of high sensitivity of whole body bone scan, it is 
useful for follow-up of patients who are suspected of metas- 
tasis of prior cancer (Fig. 3), based on plain radiograph. 

4) Computed tomography (CT) and CT-myelography 

The CT is more sensitive than plain radiograph in terms 
of detecting lesions prior to extensive bone destruction 
or marrow involvement because it can sensitively catch 
changes in bone density. Accordingly, CT is useful for un- 
derstanding the level of cortical bone erosion, for preopera- 
tive test and for establishing a surgical plan (Fig. 4). 

Before magnetic resonance imaging (MRI) was intro- 
duced, myelography was the standard test, but MRI is re- 
placing myelography due to the possibility of development 
of complications caused by contrast media, and the associ- 
ated drawbacks of invasive method. Myelography is used 
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when MRI is not applicable due to implants, or in case of 
claustrophobia. When myelography and contrast enhanced 
CT are used together, CSF dynamics is well understood, 
and differentiation of intradural lesion from extradural le- 
sion becomes easier. 

5) MRI 

Since MRI is non-invasive, safe and free from radiation 



exposure, it can be used in case of all the patients. Multi- 
directional MRI on the whole spine is available, and MRI is 
useful as a screening test for whole body metastatic spinal 
tumor. MRI is also useful for differentiating soft tissue inva- 
sion as well as hematoma, edema, and infection (Fig. 5). 
When contrast enhanced CT scan is used, invasion of adja- 
cent structure of the spine can be more precisely differenti- 
ated than CT and in particular, it is useful for differentiating 




Fig. 5. Recurred giant cell tumor. (A) T2-weighted magnetic resonance imaging (MRI): recurred tumor (black 
arrow). (B) Tl-weighted MRI with enhancement. 




Fig. 6. Computed tomography guided biopsy. (A) Tumor at right vertebral body (arrow). (B) Biopsy was done 
by transpedicular approach. 
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osteoporotic compression fracture from pathologic fracture 
caused by metastatic tumor [17]. 

6) Biopsy 

Biopsy is an essential test for carrying out confirmative 
diagnosis, which is required in cases of considering an ac- 
tive treatment such as surgery. Unless an active treatment 
such as surgery is considered, biopsy is not recommended to 
a great extent, and when biopsy is conducted, a direct biop- 
sy during surgery prior to definitive surgery is advantageous 
for patients. Biopsy methods include percutaneous needle 
biopsy, open incisional biopsy, and open excisional biopsy. 
In case of percutaneous needle biopsy, diagnostic accuracy 
is as low as 75% due to the small amount of the specimen, 
and risk of error involved in the biopsy procedure; but when 
conducted together with CT or ultrasonography, accuracy 
is enhanced up to 89% (Fig. 6). Open incisional biopsy and 
excisional biopsy should be designed as small as possible 
considering an additional operation, and surrounding tissues 
should be free from contamination. 

7) Angiography 

Angiography is not very often used for the diagnosis of 
spine tumor, but is helpful for establishing a surgical plan 
because relation between tumor and feeding vessel of tumor 
or adjacent major vessel can be understood. Moreover, since 
metastatic renal cell carcinoma, thyroid cancer, aneurismal 
bone cyst and hemangioma have rich vascularity of tumor 
itself thus resulting a risk of developing complications 
caused by massive bleeding, preoperative feeding artery 
embolization is performed (Fig. 7). However, attention is 



required in such cases because angiography is invasive, and 
spinal cord ischemia may develop at the spinal vascular 
critical zone. 

8) F-18 fluorodeoxyglucose positron emission tomography 
(F-18FDG PET) 

The F-18 FDG PET is evaluated to help in selection of 
treatment plans, and ultimately enhance survival rates of 
patients by deciding stages of diseases as soon as possible 
through implementation of a one-time whole body scan (Fig. 
8). 

Even though PET has been widely used for assessing 
malignant tumors and their metastasis, its role in assessing 
primary or secondary tumor of bone, or tumor like lesion 
has is not well known. A number of studies have been con- 
ducted on utility of PET in assessing bone metastasis. PET 
is evaluated to be superior than the typical whole body bone 
scan in most of the cases of primary tumor. The reason is 
bone scan reveals bone metastasis in case of a secondary 
change induced by tumor, or of abundant osteoblastic reac- 
tions, while PET shows tumor itself and accordingly, PET 
is not associated with the presence of osteoblastic reactions 
[18]. 



Staging 



Similar to the cases of tumor development in the muscu- 
loskeletal system, staging of spine tumor can be conducted, 
and staging is necessary for standardizing treatments ac- 
cording to stages of a disease, and eventually for enhancing 
efficacy of treatments. The purposes of classifying stages in- 




Fig. 7. A 17-year-old female patient with renal cell carcinoma. Til metastasis was diagnosed. (A) Preoperative 
segmental artery angiography shows rich vascularity. (B) Tumor vascularity decreased after segmental artery 
embolization. 
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Fig. 8. A 53 -year-old male patient without any history of 
cancer. Lumbar spine magnetic resonance imaging exhibited 
suspicious metastasis, and positron emission tomography 
scan revealed increased uptake at left kidney, which is a pri- 
mary site of metastasis. 

elude making a prognosis on possibility of local recurrence 
and metastasis, selecting a surgical method, and deciding a 
guidehne of adjuvant chemotherapy. 

1 . Stage of Musculoskeletal Tumor Society (Enneking 
stage) 

Enneking stage is the method, which has been used for 
more than 20 years for staging of benign and malignant 



tumor [19]. Benign tumor is classified according to the 
progression pattern of lesions such as, stage 1 = latent and 
inactive, stage 2 = active but slow growing, and stage 3 = 
active and aggressively growing (Fig. 9), while malignant 
tumor is classified according to histologic grade (I, II), site (A 
= intracompartment, B = extracompartment), and metastasis 
(III). This method is useful in the areas such as extremities, 
pelvis, and soft tissues, but its application on the spine is 
not appropriate due to the unclear compartments and unique 
structure of the spine. 

2. Weinstein-Boriani-Biagini staging system 
(WBB staging system) 

In an attempt to improve the drawbacks of the Ennek- 
ing stage, Weinstein et al. developed WBB staging system 
[3,8,16], which has recently been recognized. According to 
the WBB staging system, the spine is divided into 12 pieces 
clockwise on the horizontal plane and then, layers from 
adjacent tissue to dura is divided into 5 layers in the lateral 
to medial direction. In case of cervical vertebra, neural 
foramen has been additionally staged. Sometimes, angiog- 
raphy is required along with CT and MRI for WBB staging 
system. The WBB staging system is useful for providing 
description according to the margin requiring surgical exci- 
sion. In particular, clock-shaped zone is most significant for 
setting a scope of en bloc resection of tumor (Fig. 10). 

If tumor is localized to zone 4-8, or zone 5-9, at least one 
pedicle is intact. Therefore, after excision of the posterior el- 
ement, cauterization of the epidural venous plexus, internal 
fixation, resection and reconstruction at anterior or posterior 
vertebral body and internal fixation according to preopera- 
tive plan can be conducted. When tumor is limited at zone 
3-5 or zone 8-10, axial resection is useful, and in cases of 
multiple vertebral invasion or rib invasion, resection is also 
possible. When tumor is limited at zone 10-3, posterior 
laminectomy and superior and inferior pedicle resection is 
radically performed and then, lateral dissection is performed 
to osteotomize and remove the lamina is useful. 

3. Tomita scoring system 

Tomita et al. [6,7] suggested a new and transformed ver- 
sion of Enneking surgical staging, according to anatomical 
sites and degrees of tumor invaded into the spine (Fig. 11). 
According to sites and level of invasion, intracompartmen- 
tal lesion (type 1, 2, 3), extracompartmental lesion (type 4, 5, 
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6), and multiple skip lesion (type 7) are suggested, and this 
system helps in deciding method of tumor resection. Based 
on this system, Tomita reported that corpectomy or lami- 
nectomy is performed for type 1, corpectomy or total spon- 
dylectomy is performed for type 2 according to the location 
of lesion, and total spondylectomy is performed for type 3, 
4 and 5 using posterior approach, but type 6 and 7 are not 
surgically indicated. 

However, this system is criticized to be mainly based on 
total spondylectomy rather than partial resection. 



Treatment Methods 




The purpose of treating metastatic spine tumor is to attain 
pain relief and restoration of neural function for enhancing 
quality of life. Methods of treating metastatic spine tumor 
include common conservative treatments such as use of an- 
algesics and braces, nonsurgical treatments such as hormon- 



al therapy, chemotherapy, radiotherapy and steroid therapy, 
and surgical treatments. 

1 . Non operative treatment 

1) Conservative treatment 

In order to relieve severe pain, nonsteroidal anti-inflam- 
matory drugs (NSAIDs) may be used and if not controlled, 
narcotics may also be used. When mechanical pain develops 
because of the spinal instability due to tumor, braces may be 
used as a conservative method for symptom relief, but this 
is an additional method, which should be used along with 
other treatment methods. 

2) Hormonal treatment 

Hormonal treatments can be used for breast cancer or 
prostate cancer, which are sensitive to hormone. 




Fig. 9. Enneking stage. (A) SI: latent, inactive. (B) S2: active. (C) S3: aggressive. 
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3) Angiography and embolization 

This method is currently used not only for diagnosis of 
intradural mass, but for obtaining clear understanding on 
vascular distribution through preoperative angiography to 
embolize the feeding artery and accordingly, to prevent de- 
velopments of massive bleeding and paraplegia. In case of 
inoperable primary or metastatic malignant tumor, chemo- 
embolization, which refers to local injection of chemothera- 
peutic agent, is usually employed. 

4) Radiotherapy 

Radiation energy significantly affects not only normal 
tissues but also tumor tissues, especially rapidly dividing 
mitotic tissues and accordingly, functions and structures of 
normal tissues are preserved while tumor cells are selective- 
ly destroyed. Radiation can be typically used for all kinds of 
musculoskeletal tumors with severe pain, and a considerable 
reduction in pain is achieved after conducting radiotherapy. 
Sensitivity of metastasized tumor is different according to 
the type of primary tumor: high sensitivity with lymphoma 
and prostate cancer, low sensitivity with colon cancer, renal 
cell carcinoma and sarcoma, and medium sensitivity with 
breast cancer. General indications of radiotherapy are: i) 
Cases of radiosensitive tumor without history of receiving 
previous radiotherapy, ii) Cases showing stable neurologic 
deficit, iii) Cases of spinal cord compression by soft tissue 
in the spinal canal, iv) Cases of spinal instability, v) Cases 



of inoperable general condition, vi) Cases of disseminated 
metastatic tumor, and vii) Cases of poor long-term survival. 

Since bone marrow suppression and demineralization of 
bone develops after radiation, patients with spinal instability 
or risk of compression fracture cannot receive radiotherapy. 
In addition, vertebral collapse cannot be prevented. As a 
limitation of radiotherapy, rapidly progressive neurologic 
deterioration cannot be recovered because immediate spinal 
decompression is not available. Moreover, neurologic re- 
covery is hardly expected after severe neurologic injury. 

5) Corticosteroid and bisphosphonate 
In cases where neurologic symptom appears due to spinal 
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Fig. 12. Strategy of treatment for spinal metastases. 
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Fig. 11. Tomita classification. 
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Table 2. Harrington's classification and treatment principle 



Classification Neurologic symptom and degree of bone detraction 

Class 1 Minimal neurology 

Class 2 Involvement of bone without collapse or instability and minimal neurology 

Class 3 Major neurologic impairment without spinal instability 

Class 4 Vertebral collapse and instability, without major neurologic impairment 

Class 5 Vertebral collapse and instability with major neurologic impairment 

Treatment principle 

Class 1, 2 Chemotherapy, hormonal therapy, radiotherapy 

Class 3 Radiotherapy with corticosteroid treatment 

Class 4, 5 Surgery 



Table 3. Revised evaluation system for the prognosis of metastatic spine tumors 



Characteristic Score 

General condition (performance status, %) 

Poor (10-40) 0 

Moderate (50-70) 1 

Good (80-100) 2 

No. of extraspinal bone metastases foci 

3 or more 0 

2 1 

1 2 

Metastases to the major internal organs 

Unremovable 0 

Removable 1 

No metastases 2 

Primary site of the cancer 

Lung, osteosarcoma, stomach, bladder, esophagus, pancreas 0 

Liver, gallbladder, unidentified 1 

Others 2 

Kidney, uterus 3 

Rectum 4 

Thyroid, breast, prostate, carcinoid tumor 5 
Palsy 

Complete (Frankel A, B) 0 

Incomplete (Frankel C, D) 1 

Non (Frankel E) 2 



Criteria of predicted prognosis: total score (TS) 0-8, less than 6 months; TS 9-11, 6 months or more; TS 12-15, 1 year or more. 



cord edema caused by metastatic cancer, corticosteroid may 
be used in order to reduce spinal cord edema. Even though 
all corticosteroids have anti-edema effects, dexamethasone 
having comparatively high potency and low salt retention is 
often recommended. Long-term use of corticosteroid may 



result in weight gain, insomnia, psychotic symptoms, dia- 
betes mellitus, infection and gastro-intestinal (GI) bleeding, 
especially in cases of using the drug for 3 weeks or longer, 
or due to poor nutritional state. According to recent stud- 
ies on bone metastasis of multiple myeloma, breast cancer, 
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prostate cancer, continuous administration of zoledronic 
acid and the 3rd generation amino-bisphosphonate resulted 
in reduced skeletal complications [20]. 

2. Surgical treatment 

Many authors suggested stages for preparing treatment 
guidelines of metastatic cancer patients. Harrington [9,21] 
suggested 5 grades according to bone destruction and neuro- 
logic deficit: 1-3 grades requiring nonoperative treatments, 
and 4-5 grades requiring surgical treatments (Table 2). 

Tokuhashi et al. [22] suggested a treatment guideline 
based on prognosis and life expectancy. Factors represent- 
ing prognosis include general condition, extra-spinal me- 
tastasis, major internal organ metastasis, respectability and 
primary cancer, which are scored on a 0-15 scale. Patients 
with scores of 0-8 have less than 6 months life expectancy, 
and require conservative treatments; patients with scores of 
9-11 have more than 6 months life expectancy, and require 
palliative surgery; and patients with scores of 12-15 have 
more than 1 year life expectancy, and require excisional sur- 
gery (Table 3, Fig. 12). 

Tomita et al. [6,7] scored 3 factors such as tumor malig- 
nancy, internal organ metastasis, and bone metastasis for 
prognosis before deciding applicability of surgical treat- 
ments (Fig. 13). 

hi case of pain and neurologic symptoms caused by spinal 
instability, surgery is more effective than any other methods. 
Kostuik and Weinstein [23] divided vertebral column into 6 



Table 4. Classification of Asdourian et al. [24] 

Stage lA Portion of vertebral body marrow is replaced by tumor 

IB All of vertebral body marrow is replaced by tumor 

Stage IIA Vertebral body collapse occur at one end plate 

IIB Vertebral body collapse occur at both end plate 

Stage IIIA End stage collapse with kyphotic deformity 

IIIB End stage collapse with symmetric collapse 

Stage IV Subluxation creates translational deformity 

segments for assessing instability: presence of instability in 
case of 3 or more segments invasion, and unstable in case of 
20° or more angular deformity (Fig. 14). 

Asdourian et al. [24] suggested a 4-staged spinal defor- 
mity caused by spine metastasis of breast cancer to decide 
treatment guidelines (Table 4). 

Taneichi et al. [25] suggested risk factors of vertebral 
body collapse in case of 100 patients having osteolytic spine 
lesion. In case of the collapse between Tl and TIO, risk is 
high when 50% or more of vertebral body erosion is shown, 
or 25% or more vertebral body erosion plus costovertebral 
joint invasion are shown; in case of the collapse between 
TU and L5, risk is high when 35% or more vertebral body 
erosion is shown, or 20% or more vertebral body erosion 
plus posterior element invasion are shown. 

As shown above, factors helping in decision making 
on surgery have been suggested. Surgical indications for 
metastatic spinal tumor patients are as follows: i) Pain or 
neurologic symptom due to spinal instability, ii) Pain or 
neurologic symptom due to direct invasion without spinal 
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Fig. 13. Tomita's scoring system for surgical strategy, mets: Metastases. No visceral mets = 0 point, Bone 
mets. incluong spinal mets. 
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instability, iii) Pain due to radio-resistant tumor, iv) Pain that 
is persistent after conservative treatments, v) Local lesion 
with 1 year or longer life expectancy. 

Contraindication of operation includes cases well re- 
sponding to radiotherapy such as multiple organ metastases, 
poor general condition, lymphoid or reticuloendothelial 
system, and spinal metastasis of breast cancer or prostate 
cancer without any structural abnormality of spine. 

3. Surgical margin 

Terminologies on surgical margin have been used without 
clear definitions. Clear definitions on terminologies are nec- 
essary for evaluating preoperative planning and results (Fig. 
15). 

1) Intra-lesional margin 

Intra-lesional margin means contents of tumor exposed 
after incision. Intracapsular incision is an incomplete resec- 
tion showing gross or histological remnant tumor, and extra- 
capsular incision means removal of normal tissues contain- 
ing tumor, but residual tumor is microscopically present. 



2) Marginal margin 

Marginal margin means resecting outer surface of pseudo- 
membrane, which is a reactive tissue of tumor. Microscopic 
remnant can still be observed. This method is used for treat- 
ments of aggressive benign lesion and part of metastatic 
tumor, and for excision of spinal cord tumor or neuroma. 

3) Wide margin 

Wide margin means resection via normal tissues around 
the tumor. Therefore, the tumor and surrounding area is 
covered by normal tissues after resection. Even though the 
whole tumor is resected in a single piece, wide margin is 
not accomplished if part of the margin is pathologically 
contaminated by tumor. En bloc resection means a surface 
covered with normal tissues after tumor has been resected 
in a single piece. 

Marginal margin or wide margin is obtainable in the 
spine. However, these surgical margins are not always ac- 
curately kept due to anatomical characteristics of the spine, 
and to technical problems. 

4) Radical margin 

Radical margin means removing compartments invaded 
by tumor, and this is basically not indicated in case of the 





Fig. 14. Evaluation of spinal instability - Kostuik. (A) Six zones. (B) Angular deformity of more than 20°. AL: 
anterior left, AR: anterior right, ML: middle left, MR: middle right, PL: posterior left, PR: posterior right. 
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spine. Even though tumor including spinal cord is resected 
in a single piece superior and inferior to remote distance, the 
epidural space is connected from the cranium to coccxys. 



4. Operation method 

1) Spinal decompression 

According to approaches and tissues to be resected, op- 
erative methods for spinal decompression are classified into 
anterior corpectomy, posterior laminectomy, and lateralcos- 
totransversectomy. Most suitable method is selected upon 
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Fig. 15. Surgical margin. 




Fig. 16. A case of 70-year-old male patient who visited our hospital with severe neck pain and radiating pain to 
upper extremities as a chief complaint. The patient had a history of undergoing surgery 5 years ago due to liver 
cancer. According to plain radiograph (A) and Tl- and T2-weighted magnetic resonance imaging photo, (B) 
pathologic fractures of C4 and C6 vertebral bodies are observed. Tokuhashi score was 6, and Tomita score was 7. 
After anterior decompression, bone cement augmentation and internal fixation using plates were performed. 
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consideration of anatomical location, compression of neural 
tissue, number of involved segment, necessity of spinal sta- 
bilization, and general condition. 

Since a metastatic lesion located at vertebral body com- 
presses the spinal cord towards anterior or anterolateral 
aspect of dura, anterior decompression is useful. However, 
since bone defect causing instability in the vertebral body is 
induced, reconstruction and stabilization of anterior column 
are required. For reconstruction of anterior column, bone 
cement augmentation or bone graft may be used. Bone ce- 



ment augmentation reduces risk of non-union, and allows 
implementation of radiotherapy (Fig. 16). 

Posterior decompression through laminectomy is a tra- 
ditional method of removing neural compression caused 
by metastatic lesion. This method can be performed on all 
areas of the spine from the cranium to sacrum, and if neces- 
sary, decompression is obtained by removing the pedicle 
and facet joint. However, other than posterior compression, 
satisfactory decompression effect is hardly obtainable, and 
no more effects than radiotherapy are reported. 




Fig. 17. A 63-year-old male patient with Adenoid cystic carcinoma metastasis to T12. Tokuhashi score was 10, 
and Tomita score was 5. (A) Tl- and T2-weighted magnetic resonance imaging - Tumor involving the vertebral 
body and pedicle, but there was no neurologic deficit and the general condition was good. (B) Total spondylec- 
tomy was done using combined anterior and posterior approach. (C) Plain radiograph at 2 years follow-up after 
the operation. 
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Using lateral decompression, approach to vertebral body 
lesion is obtained by removing part of the transverse process 
and rib in the thoracic level, and by removing facet joint and 
pedicle in the lumbar level. This method can be implement- 
ed when lesion is located at lateral or posterolateral body; 
all the three columns are invaded; and anterior approach is 
not appropriate considering general conditions of patients. 
Decompression effect of posterior decompression is inferior 
to that of anterior decompression, and anterior reconstruc- 
tion is difficult due to the poor operation field. 

2) Spinal stabilization 

The purpose of spinal stabilization is to reduce already 
developed deformity, and to recover immediate spinal sta- 
bility allowing early ambulation. Methods of spinal stabili- 
zation vary according to types of tumor, expected treatment 
result, scope of destruction, general condition and expected 
survival. Based on the index of spinal instability mentioned 
before, instrumentation is performed. Basically, anterior 
column support as well as anterior or posterior instrumenta- 
tion is performed to obtain adequate fixation. Replacements 
for anterior column after corpectomy include auto tricortical 
bone, bone cement, titanium cage, and femur cortical bone 
allograft. In case of long life expectancy, or after excisional 
operation, autologous bone graft or bone graft is performed, 
but in case of palliative surgery for short-term symptomatic 
improvements, bone cement is used. Multiple level pedicle 
screw fixation is used in posterior instrumentation, and fixa- 
tion level is adjusted according to the extent of lesion or 
postoperative instability. 

Posterior stabilization is usually performed together 
with posterior decompression, but in case that pain caused 
by instability such as atlantoaxial metastatic lesion is the 
main symptom, it can be performed independently. Various 
instruments such as classical Kirschner wire and pedicle 
screws are used for posterior stabilization, but recently, 
pedicle screws have been widely used because of multi- 
directional stability provided by the spinal column. 

Since most of the metastatic spinal tumor invades into 
the vertebral body, corpectomy and anterior stabilization 
through anterior approach are ideal surgical treatments for 
metastatic spinal tumor. Approach can be made either right 
or left in accordance with the location of lesion. In the lower 
lumbar area, left approach is preferred because inferior vena 
cava is located at right. Fixators such as metal cage, plate 
and screw may be used for fixation after removing lesion, 
and bone graft or bone cement is used for fusion. 



In case of Zone IV lesion according to Weinstein stage, 
or lesion invaded into 3 columns of the vertebral column, 
combined anterior and posterior stabilization is required (Fig. 
17). Total spondylectomy and stabilization through com- 
bined anterior and posterior approach are applicable to the 
thoracic spine and lumbar spine, but rarely applicable to the 
cervical spine because of the high risk involved in resection 
of vertebral artery and cervical root. For combined anterior 
and posterior stabilization, anterior and posterior approach 
have been simultaneously or sequentially performed in the 
past, but these days single posterior approach is also em- 
ployed for total spondylectomy and stabilization. 



Conclusions 




Diagnosis of spinal tumor is increasing in accordance 
with extended life span and development in diagnostic 
technique, and treatment methods for spinal tumor are also 
remarkably developing. As early diagnosis is important, 
possibility of spinal tumor should be always taken into con- 
sideration even though the incidence is low. After diagnosis 
is made, cure of spine tumor, and enhancement of quality 
of life may be accomplished through cooperation amongst 
the radiologists, radiation oncologists, oncologists and pain 
speciaHsts. 
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